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Then, a is obtained based on the porosity for the two-dimensional structure as: 131
here  is the porosity of the metal foam. 134
Assumptions 135
In order to simplify the heat transfer mechanism in open-cell metal foam, the 136 following major assumptions were made in the derivations of the governing 137 equations: 138 (i) the diffraction is neglected. The characteristic size of the porous medium is 139 considered to be large compared to the heat radiation wavelengths. 140
(ii) the solid particles are assumed as grey and opaque since they are metallic, and the 141 void zone is considered as vacuum. 142 (iii) the surface of the solid particles reflecting diffusely the incident radiation is 143 assumed since the surface roughness at 10 μm scale is being taken into account 144 [26] . sample is sufficiently thick. This means that each unit cell has a unique value of 154 temperature in the same layer [26] . 155
Other simplifications are described in the due course in the rest of the paper. where H is the thickness of the porous medium sample. The temperature of the ith 165
Thus, the radiative conductivity r k can be obtained by: 168 
Formula derivation 177
Firstly, radiation in the positive Y direction is analysed, as radiation in the negative 178 Y direction is familiar with that in positive Y direction. The total irradiation on the 179 void face t of the ith cell ( Fig. 2(b) ) consists of both the emission and reflectance from 180 the solid particles 1-4 to the void faces s, b. The total irradiation r Q on t is given by: 181
where, 183
In Eq. 
where ρ=1-ε is the solid reflectivity. Similarly, the three terms on the right side of Eq. Thus, the correction factor C can be derived as: 212
Thus, the previous analysis needs to be reconsidered. The proposed correction factor 214 C is added into the emission radiation term in Eqs. (11-12), then Eqs. (11-12) can be 215 rewritten as: 216
Considering the model is two-dimensional, the unit of Q is W/m. 219
For the purpose of convenience, the configuration factors can be analysed 220 
where l t is the length of the top void face in the unit cell. 
The quantity of J s can be calculated from Eq. (33) which is written as following: 
As the bottom face b of the ith unit cell is the top face of the (i-1)th unit cell. 262 Therefore, the Eq. (39) can be expressed as: 263
where the bottom face of the first unit cell is the bottom boundary of the porous 269 medium sample with the temperature T h , thus:
Thus, the quantity of q r [i] can be calculated implementing an iterative procedure from 272 the boundary. 273
In the case of the radiation flux in the negative y direction, it can similarly be written 274 is the irradiation on void face t of ith unit cell from the top void face of 277 the (i+1)th unit cell, as shown in Fig.2(b) . 278 
Determination of coefficients 287
In the analytical solution of the equivalent radiative conductivity, the dimensionless 288 coefficients, i.e., β 1 should be firstly determined. The crossed strings method is utilized to calculate the 293 configuration factors for a two-dimensional geometric structure with known 294 geometric parameters of the unit cell. 295
As for the solid reflectance, it is recognized that the solid reflectance is related to 296 the emissivity (ρ+ε=1 for opaque material). However, the emissivity of a solid 297 material depends on many other factors such as temperature and orientation. The 298 influence of the emissivity on the radiation heat transfer is discussed in next section. as well as the current prediction results are reported in Table 2 . And it is noted that 318 there may have been a slight over-estimation or under-estimation of the radiative 319 conductivity. This could be mainly due to the fact that the current model assumes 320 uniform distribution of the solid particles in the porous media and uses the average 321 particle diameter whereas in the real case the particle size is within a certain range. 322
Despite this, it can be seen that in general there is a good agreement between the 323 currently predicted and the experimental data. 324
Then the effects of the control parameters such as, correction factor, the number of 325 the orders, the solid emissivity, temperature gradient, and the geometry on the 326 radiative conductivity will be examined in detail. 327 Fig. 7 shows the predicted radiative conductivity with and without the correction 329 factor for the case of S1. It can be seen clearly that there is a large deviation between 330 experimental data and predicted results for the case without correction factor. Thus, 331 the contribution of the correction is significant. It reveals that the 332 geometrical characteristics needs to be consistent with that in three-dimensional 333 structure of metal foam to ensure the validity of the simplified model. 334
Effect of correction factor 328

Effect of number of orders 335
As analysed in Section 2, the radiative conductivity is determined by implementing 336 an iterative procedure which takes into account the irradiation from other unit cells up 337 to the ones in contact with the boundaries. We define that the model has first-order 338 accuracy if the (i-1), i, (i+1) , (i+2)th unit cells are reserved which implies that the ith 339 cell and (i+1)th cell share the face t that only accounts for the contributions from the 340 adjacent neighbouring cells((i-1)th, (i+2)th) in both directions. Geometrically, the 341 face t is the central face within these four cells along y direction. Thus, the bottom 342 face of the (i-1)th cell and the top face of (i+2)th cell are boundaries. Similarly, for 343 second-order accuracy, one more unit cell in both directions is included in the 344 calculation. For the other numbers of the orders, they can be defined in a same 345
principle. Fig. 8 shows that the radiative conductivity of the sample 1 varies with the 346 number of the order at two different temperatures, i.e. 550 K and 750 K at a solid 347 emissivity of 0.6. It reveals that the numbers of the cells above and below the central 348 face need to be considered to obtain the stable values of the radiative conductivity. 349
Thus, in order to stabilize the calculated values of the radiative conductivity, the 350 number of orders of 25 is used for the current model. 351
Effect of the solid emissivity 352
As previously mentioned, the effect of the solid emissivity on the radiative 353 conductivity needs to be addressed. Generally, the emissivity of the steel varies 354 between 0.3 and 0.8 [29] . Fig. 9 shows the effect of the solid emissivity on the values 355 of the radiative conductivity at two temperatures of 550 K and 750 K. It is seen that 356 the value of the radiative conductivity increases with increasing solid emissivity even 357 though a large emissivity can lead to a smaller reflectance. It reveals that the 358 proportion of the emission in total radiation is relatively large. In addition, the effect 359 of the solid emissivity on the radiative conductivity is significant at temperature of 360 750 K, while that is relatively mild at temperature of 550 K. The reason is that the 361 emitting radiation is in proportion to the biquadrate of temperature. However, for the 362 purpose of comparison, a solid emissivity of 0.6 is assumed in present work, which is 363 consistent with the previous study of [25] and [26] . 364
Effect of temperature gradient 365
For a fixed thickness with the same mean temperature, the effect of the temperature 366 difference on the predicted radiative conductivity at fixed temperature of 750 K is 367 shown in Fig.10 . A specific mean temperature can be determined in different 368 temperature difference between the top and bottom boundaries of the foam samples. It 369 can also be concluded from Fig. 10 that the radiative conductivity is not sensitive to 370 the temperature difference. In the current model, therefore, a 10 K temperature 371 difference is used for the iterative procedure. 372
Effect of geometry 373
As mentioned in Section 2.1, the shape of the solid particles can be other simple 374
geometries. In the current study, two shapes, i.e. circle, rhombus are assumed based 375 on the same porosity and characteristic size in order to investigate the effect of the 376 shape of solid particles, as shown in Fig. 11 . The calculated results are shown in Fig.  377 12 for the case of S1. It can be seen that the shape of the solid particles has small 378 effect on the thermal radiation in the present model. It is noted that different shapes of 379 the solid particles may lead to different geometry structure, which implies that the 380 configuration factors may be different. However, due to the large porosity of the 381 metal foam, the influence of the different structures is insignificant. 382 with decreasing PPI at the same temperature, such a result is due to the smaller PPI 386 results in a bigger pore size. And the bigger pore size would lead to a large 387 "penetration thickness" which implies that more heat can be directly transferred by 388 thermal radiation to a deeper thickness of the foam before it decays to a lower level 389
[25]. 390
Conclusions 391
A newly developed two-dimensional model is employed for the calculation of the 392 radiation heat transfer in highly porous open-cell metal foams and comparing these 393 results with available experimental data as well as three-dimensional numerical 394 solution proposed in the previous work. A new correction factor, C, is introduced for 395 correcting the deviation of specific area between simplified two-dimensional structure 396 and three-dimensional structure. The results demonstrated that using a 397 two-dimensional analytical model instead of a three-dimensional approach leads to a 398 relatively minor discrepancy. Besides, the calculation is simpler than the 399 three-dimensional model because of the simpler determination of configuration 400 factors and coefficients due to the nature of the two-dimensional structure, which is 401 significant for engineering applications. The effect of the solid emissivity on the 402 radiative conductivity is more significant at higher temperature. The radiative 403 conductivity is not sensitive to the temperature difference during the iterative 404 procedure. The effect of the shape of the solid particle is observed and it is relatively 405 small. It is found that the samples with smaller PPI could lead to a higher value of 406 radiative conductivity. The correction factor C is found to be significant for the 407 present model. Overall, the main contribution of the proposed two-dimensional model 408 is the simplicity and convenience of calculation with good accuracy compared with 409 the previous three-dimensional model. In addition, the present model is also suitable 410 for vacuum condition. experimental data, results of previous 3D models for S4. 522 523 Fig. 7 . Effect of correction factor on radiative conductivity for S1. 524 525 Fig. 8 . Radiative conductivity vs. the number of orders at fixed solid emissivity of 0.6 526 and different temperatures for S1. 527 528 Fig. 9 . Radiative conductivity vs. solid emissivity at different temperatures for S1. 529 530 Fig. 10 . Radiative conductivity vs. temperature difference at fixed mean temperature 531 for S1. 532 533 Fig. 11 . Different shapes of solid particle. 534 535 Fig. 12 . Effect of shape of solid particle on radiative conductivity for S1. 536 
